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(57) ABSTRACT

In a stepless transmission 1, each lever crank mechanism 20
includes a rotational radius adjusting mechanism 4 capable
of adjusting the radius of rotational motion of a cam shaft 51.
The rotational radius adjusting mechanism 4 includes: a cam
disc 5 that rotates in a state of being eccentric with respect
to a rotational center axis P1; a rotary disc 6 rotatable in a
state of being eccentric with respect to the cam disc 5; and
a pinion shaft 7. A pair of cam discs 5 are provided in each
rotational radius adjusting mechanism 4. Cam discs 5 of
adjacent rotational radius adjusting mechanisms 4 are
formed integrally with each other as an integral cam portion
5¢ so as to extend across the adjacent rotational radius
adjusting mechanisms 4.

7 Claims, 20 Drawing Sheets
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1
STEPLESS TRANSMISSION

TECHNICAL FIELD

The present invention relates to a four-joint link mecha-
nism type stepless transmission using a lever crank mecha-
nism.

BACKGROUND ART

A four-joint link mechanism type stepless transmission
has been conventionally known. The four-joint link mecha-
nism type stepless transmission includes: an input shaft to
which a drive force from a drive source such as an engine
provided in a vehicle is transmitted; an output shaft disposed
in parallel with the input shaft; a plurality of rotational radius
adjusting mechanisms provided on the input shaft; a plural-
ity of swing links pivotally supported by the output shaft to
be swingable; and connecting rods each of which has one
end provided with an input-side annular section externally
fitted to the corresponding rotational radius adjusting
mechanism to be rotatable and the other end connected to the
swing end of the corresponding swing link (for example, see
Japanese Translation of PCT International Application Pub-
lication No. 2005-502543, hereinafter referred to as Patent
Literature 1).

In the stepless transmission in Patent Literature 1, each
rotational radius adjusting mechanism includes: a discoid
cam portion eccentric with respect to the input shaft; a rotary
portion eccentric with respect to the cam portion to be
rotatable; and a pinion shaft. A one-way clutch is provided
between the swing link and the output shaft. The one-way
clutch locks the swing link to the output shaft when the
swing link starts to relatively rotate to one side with respect
to the output shaft, and lets the swing link idle with respect
to the output shaft when the swing link starts to relatively
rotate to the other side.

Each cam portion has: a through hole in the axial direction
of the input shaft; and a cutout hole that is formed at a
position opposite to the eccentric direction with respect to
the input shaft and provides communication between the
outer peripheral surface of the cam portion and the through
hole. The cutout hole is formed from one end surface in the
axial direction of the cam portion to the other end surface.
Adjacent cam portions are fixed by bolts, thus constituting
a cam portion connected body. One end of the cam portion
connected body in the axial direction is connected to the
input shaft, and the cam portion connected body and the
input shaft constitute a cam shaft.

The cam portion connected body is hollow as the through
holes of the respective cam portions are linked together, and
the pinion shaft is inserted therein. The inserted pinion shaft
is exposed through the cutout hole of each cam portion. The
rotary portion has a receiving hole for receiving the cam
shaft. Internal teeth are formed on the inner peripheral
surface of the rotary portion defining the receiving hole.

The internal teeth mesh with the pinion shaft exposed
through the cutout hole of the cam shaft. Rotating the input
shaft and the pinion shaft at the same speed maintains the
radius of the rotational motion of the input shaft by the
rotational radius adjusting mechanism. Setting the input
shaft and the pinion shaft at different rotational speeds from
each other changes the radius of the rotational motion of the
input shaft by the rotational radius adjusting mechanism,
thus changing the transmission gear ratio.

Rotating the input shaft so as to rotate the rotational radius
adjusting mechanism causes the input-side annular section
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of the connecting rod to carry out rotational motion, as a
result of which the swing end of the swing link connected to
the other end of the connecting rod swings. In other words,
the rotational radius adjusting mechanism, the connecting
rod, and the swing link constitute a lever crank mechanism.
The swing link is provided around the output shaft via the
one-way clutch, so that the swing link transmits a rotational
drive force (torque) to the output shaft only when rotating to
one side.

The eccentric directions of the cam portions of the respec-
tive rotational radius adjusting mechanisms are set so that
the cam portions have different phases to form a circle
around the input shaft. The connecting rods externally fitted
to the respective rotational radius adjusting mechanisms
cause the swing links to transmit torques to the output shaft
in order, enabling smooth rotation of the output shaft.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Translation of PCT Interna-
tional Application Publication No. 2005-502543

SUMMARY OF INVENTION
Technical Problem

In the conventional four-joint link mechanism type step-
less transmission, cam portions of adjacent rotational radius
adjusting mechanisms are fixed by a bolt (or bolts). In the
case where the area in which the cam portions overlap each
other is small, however, the cam portions cannot be fixed by
the bolt or, if the cam portions are fixed by a small-diameter
bolt, the necessary connection strength between the cam
portions cannot be attained. There is thus a problem of a low
degree of freedom of setting the phases of adjacent cam
portions.

This problem may be avoided by integrally forming all
cam portions, dividing each rotary portion in the radial
direction, and connecting the divided rotary portion by a bolt
so as to sandwich the cam portion. However, since the
internal teeth are formed on the inner peripheral surface of
the rotary portion, dividing the rotary portion in the radial
direction causes a decrease in accuracy of the internal teeth.

In view of the above, the present invention has an object
of providing a stepless transmission in which the degree of
freedom of setting the phases of adjacent cam portions is
improved without a decrease in accuracy of internal teeth.

Solution to Problem

[1] To achieve the object stated above, the present inven-
tion is a stepless transmission including: an input portion to
which a drive force from a travel drive source is transmitted;
an output shaft disposed in parallel with a rotational center
axis of the input portion; a plurality of lever crank mecha-
nisms that each include a swing link pivotally supported by
the output shaft to be swingable, and convert rotational
motion of the input portion into swing motion of the swing
link; and a one-way rotation blocking mechanism that locks
the swing link to the output shaft when the swing link starts
to relatively rotate to one side with respect to the output
shaft, and lets the swing link idle with respect to the output
shaft when the swing link starts to relatively rotate to the
other side with respect to the output shaft, wherein the lever
crank mechanisms each include: an adjustment drive source;
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a rotational radius adjusting mechanism capable of adjusting
a radius of the rotational motion of the input portion using
a drive force of the adjustment drive source; and a connect-
ing rod connecting the rotational radius adjusting mecha-
nism and the swing link, wherein the rotational radius
adjusting mechanism includes: a cam portion that rotates
integrally with the input portion in a state of being eccentric
with respect to the rotational center axis of the input portion;
a rotary portion rotatable in a state of being eccentric with
respect to the cam portion; and a pinion to which the drive
force of the adjustment drive source is transmitted, wherein
the cam portion is made up of a plurality of members, and
wherein cam portions of rotational radius adjusting mecha-
nisms adjacent in an axial direction are formed integrally
with each other as an integral cam portion so as to extend
across the adjacent rotational radius adjusting mechanisms.

According to the present invention, the cam portions of
the rotational radius adjusting mechanisms adjacent in the
axial direction are formed integrally with each other as the
integral cam portion so as to extend across the adjacent
rotational radius adjusting mechanisms, and the cam portion
in each rotational radius adjusting mechanism is made up of
the plurality of members. In other words, the adjacent cam
portions between the adjacent rotational radius adjusting
mechanisms are formed integrally with each other, whereas
the cam portion in each individual rotational radius adjusting
mechanism is made up of the plurality of members and so
can be divided. Hence, the connection between cam portions
can be made in each rotational radius adjusting mechanism,
and need not be made between adjacent rotational radius
adjusting mechanisms. The degree of freedom of setting
adjacent cam portions can thus be improved without a
decrease in accuracy of internal teeth.

[2] In the present invention, the integral cam portion is
particularly effective in a part where an area in which the
cam portions of the adjacent rotational radius adjusting
mechanisms overlap each other is less than a predetermined
area set based on a strength during connection by a bolt.

[3] In the present invention, the integral cam portion may
have an internal thread portion and an through hole in which
an external thread portion of a bolt screwed into the internal
thread portion is inserted, adjacent integral cam portions
may be connected to each other by the bolt screwed into the
internal thread portion, and at least one of a plurality of
integral cam portions may be a double-side internal thread
cam portion having the internal thread portion into which the
bolt is screwed from one side in the axial direction and the
internal thread portion into which the bolt is screwed from
the other side in the axial direction.

[4] In the present invention, the double-side internal
thread cam portion may be used in a part where an area in
which the cam portions of the adjacent rotational radius
adjusting mechanisms overlap each other is not less than a
predetermined area set based on a strength during connec-
tion by the bolt.

While the case where the overlapping area of the cam
portions of the adjacent rotational radius adjusting mecha-
nisms is less than the predetermined area in all parts poses
no problem, in the case where the overlapping area is not
less than the predetermined area in at least one part, the area
in which the cam portions of the adjacent rotational radius
adjusting mechanisms do not overlap each other is small and
so there is a possibility that the placement space for the head
of the bolt is insufficient or the bolt of sufficient thickness
(diameter, strength) cannot be used and as a result the
strength of the cam shaft decreases.
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According to the present invention, in the case of includ-
ing such an integral cam portion in which the overlapping
area of the cam portions of the adjacent rotational radius
adjusting mechanism is not less than the predetermined area
and the non-overlapping area of the cam portions of the
adjacent rotational radius adjusting mechanisms is small, the
integral cam portion is formed as the above-mentioned
double-side internal thread cam portion. This eliminates the
need to place the head of the bolt in the part where the cam
portions of the adjacent rotational radius adjusting mecha-
nisms do not overlap each other. The adjacent cam portions
can therefore be connected using the appropriate bolt, to
prevent a decrease in strength of the cam shaft.

[5] In the present invention, the plurality of lever crank
mechanisms may be six lever crank mechanisms, and phase
intervals between cam portions of six rotational radius
adjusting mechanisms may be set to 120°, 120°, -60°, 120°,
and 120° from one side of the rotational center axis of the
input portion.

[6] In the present invention, the plurality of lever crank
mechanisms may be six lever crank mechanisms, and phase
intervals between cam portions of six rotational radius
adjusting mechanisms may be set to 180°, 60°, 180°, 60°,
and 180° from one side of the rotational center axis of the
input portion.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view illustrating Embodiment 1 of
a stepless transmission according to the present invention.

FIG. 2 is a partial cutaway perspective view illustrating
the stepless transmission in Embodiment 1.

FIG. 3 is a sectional view illustrating the stepless trans-
mission in Embodiment 1.

FIG. 4 is an enlarged sectional view illustrating a part in
FIG. 3.

FIG. 5 is a sectional view illustrating the stepless trans-
mission in Embodiment 1 from the axial direction.

FIG. 6A is an explanatory diagram illustrating a rotary
portion in Embodiment 1 from the axial direction, and FIG.
6B is a sectional view taken along line B-B in FIG. 6A.

FIGS. 7A to 7D are explanatory diagrams illustrating
changes in rotational radius (amount of eccentricity) of a
rotational radius adjusting mechanism in Embodiment 1,
wherein FIG. 7A illustrates the case where the amount of
eccentricity is maximum, FIG. 7B illustrates the case where
the amount of eccentricity is medium, FIG. 7C illustrates the
case where the amount of eccentricity is small, and FIG. 7D
illustrates the case where the amount of eccentricity is O.

FIG. 8A is an explanatory diagram illustrating an enlarge-
ment of the state in FIG. 7A, and FIG. 8B is an explanatory
diagram illustrating an enlargement of the same state as in
FIG. 7D.

FIG. 9A is an explanatory diagram schematically illus-
trating the stepless transmission, FIG. 9B is an explanatory
diagram illustrating the phases of cam portions, and FIG. 9C
is an explanatory diagram illustrating the relationship of the
axial distances between the cam portions.

FIG. 10A is an explanatory diagram illustrating an over-
lapping part of cam portions when the phase difference
between the adjacent cam portions is 60°, FIG. 10B is an
explanatory diagram illustrating an overlapping part of cam
portions when the phase difference between the adjacent
cam portions is 120°, and FIG. 10C is an explanatory
diagram illustrating an overlapping part of the cam portions
when the phase difference between the adjacent cam por-
tions is 180°.
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FIG. 11A is an explanatory diagram illustrating the phases
of cam portions in Embodiment 2, and FIG. 11B is an
explanatory diagram illustrating the relationship of the axial
distances between the cam portions in Embodiment 2.

FIG. 12 is an exploded perspective view illustrating a cam
shaft in Embodiment 2.

FIG. 13 is an explanatory diagram illustrating the cam
shaft in Embodiment 2.

FIG. 14A is an explanatory diagram illustrating the state
of connecting cam portions adjacent to a double-side inter-
nal thread cam portion by bolts in Embodiment 2, and FIG.
14B is an explanatory diagram illustrating the double-side
internal thread cam portion in Embodiment 2 from the axial
direction.

FIG. 15A is an explanatory diagram illustrating the state
where the phase difference between adjacent cam portions is
large, and FIG. 15B is an explanatory diagram illustrating
the state in FIG. 15A from the axial direction.

FIG. 16A is an explanatory diagram illustrating the state
where the phase difference between adjacent cam portions is
small, and FIG. 16B is an explanatory diagram illustrating
the state in FIG. 16A from the axial direction.

FIG. 17 is a partial cutaway perspective view illustrating
a stepless transmission in Embodiment 3.

FIG. 18 is a sectional view illustrating the stepless trans-
mission in Embodiment 3.

FIG. 19 is an enlarged sectional view illustrating a part in
FIG. 18.

FIG. 20 is an explanatory diagram illustrating a conven-
tional cam portion as a comparative example for comparison
with the embodiments of the present invention.

DESCRIPTION OF EMBODIMENTS

Embodiments of a four-joint link mechanism type stepless
transmission according to the present invention are
described below. A stepless transmission (or a continuous
variable transmission (CVT)) in Embodiment 1 is an infi-
nitely variable transmission (IVT), i.e. a type of transmis-
sion capable of setting a transmission gear ratio i (i=(the
rotational speed of an input shaft)/(the rotational speed of an
output shaft)) to infinity (o) so as to set the rotational speed
of the output shaft to “0”.

Referring to FIGS. 1 to 5, a four-joint link mechanism
type stepless transmission 1 in Embodiment 1 includes: an
input portion 2 that rotates about a rotational center axis P1
with a rotational drive force received from a travel drive
source such as an engine (internal-combustion engine) or an
electric motor; an output shaft 3 that is disposed in parallel
with the rotational center axis P1 and transmits rotational
motive power to the drive wheels of a vehicle through a
differential gear, a propeller shaft, etc. not illustrated; and six
rotational radius adjusting mechanisms 4 provided on the
input portion 2.

Each rotational radius adjusting mechanism 4 includes: a
cam disc 5 as a cam portion; and a rotary disc 6 as a rotary
portion. The cam disc 5 has a discoid shape. The cam disc
5 is eccentric with respect to the rotational center axis P1,
and is provided in each rotational radius adjusting mecha-
nism 4 so that a pair of cam discs 5 correspond to one
rotational radius adjusting mechanism 4. The cam disc 5 has
athrough hole 54 in the direction of the rotational center axis
P1. The cam disc 5 also has a cutout hole 54 that opens in
the direction opposite to the eccentric direction with respect
to the rotational center axis P1 and provides communication
between the outer peripheral surface of the cam disc 5 and
the through hole 5a.
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The individual pairs of cam discs 5 have their phases
shifted by 60 degrees from each other, and disposed so that
the six pairs of cam discs 5 form a circle around the input
portion 2 in the circumferential direction (see FIG. 9B). The
six rotational radius adjusting mechanisms 4 are defined as
first to sixth rotational radius adjusting mechanisms #1 to #6
in order from the side opposite to the engine, as illustrated
in FIG. 9A. The respective pairs of cam discs 5 of the first
to sixth rotational radius adjusting mechanisms #1 to #6 are
defined as first to sixth cam disc pairs C1 to C6 in order from
the side opposite to the engine, as illustrated in FIGS. 9A to
9C.

The first cam disc pair C1 and the second cam disc pair
C2 are shifted in phase from each other by 180°. The second
cam disc pair C2 and the third cam disc pair C3 are shifted
in phase from each other by 60°, counterclockwise in FIG.
9B. The third cam disc pair C3 and the fourth cam disc pair
C4 are shifted in phase from each other by 180°. The fourth
cam disc pair C4 and the fifth cam disc pair C5 are shifted
in phase from each other by 60°, counterclockwise in FIG.
9B. The fifth cam disc pair C5 and the sixth cam disc pair
C6 are shifted in phase from each other by 180°. The cam
disc pairs C1 to C6 are arranged at predetermined regular
intervals X between bearings 514 for supporting a cam shaft
51 at its ends. By arranging the cam discs 5 in this way, the
centrifugal forces generated in the cam discs 5 cancel each
other out, and the vibrations associated with the rotation of
the cam shaft 51 are suppressed.

Each cam disc 5 is formed integrally with the cam disc 5
in the adjacent rotational radius adjusting mechanism 4,
constituting an integral cam portion 5c. The integral cam
portion 5S¢ may be formed by integral molding, or formed by
welding two cam portions together. The pair of cam discs 5
constituting each of the first to sixth cam disc pairs C1 to C6
are fixed to each other by one or more bolts B (see FIG. 10).
The cam shaft 51 is formed in this way.

The through holes 5a of the cam discs 5 are linked
together. As a result, the cam shaft 51 is hollow with one
end, which is opposite to the engine, open. The cam disc 5
at the other end closest to the engine is formed integrally
with the input portion 2. The cam disc 5 at the end closest
to the engine is thus formed integrally with the input portion
2. The cam disc 5 and the input portion 2 may be integrally
formed by integral molding, or by welding them together.

The discoid rotary disc 6 is externally fitted to the pair of
cam discs 5 in an eccentric state to be rotatable. The rotary
disc 6 has a receiving hole 6a (see FIGS. 6A and 6B) for
receiving each cam disc 5.

As illustrated in FIG. 5, when the center point of the cam
disc 5 is denoted by P2 and the center point of the rotary disc
6 is denoted by P3, the rotary disc 6 is eccentric with respect
to the cam disc 5 so that a distance Ra between the rotational
center axis P1 and the center point P2 and a distance Rb
between the center point P2 and the center point P3 are the
same.

The receiving hole 6a of the rotary disc 6 is provided with
internal teeth 65 positioned between the pair of cam discs 5.

In the cam shaft 51, a pinion shaft 7 concentric with the
rotational center axis P1 and having external teeth 7a at the
location corresponding to the internal teeth 65 of each rotary
disc 6 is disposed to be rotatable relative to the cam shaft 51.
The external teeth 7a of the pinion shaft 7 mesh with the
internal teeth 65 of the rotary disc 6 through the cutout hole
5b of the cam disc 5. The pinion shaft 7 in Embodiment 1
corresponds to a pinion in the present invention.

The pinion shaft 7 is connected with a differential mecha-
nism 8. The differential mechanism 8 is composed of a
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planetary gear mechanism, and includes: a sun gear 9; a first
ring gear 10 connected to the cam shaft 51; a second ring
gear 11 connected to the pinion shaft 7; and a carrier 13 that
pivotally supports, in a rotatable and revolvable manner, a
stepped pinion 12 composed of a large-diameter section 12a
that meshes with the sun gear 9 and the first ring gear 10 and
a small-diameter section 125 that meshes with the second
ring gear 11.

The sun gear 9 is connected to a rotating shaft 14a of an
adjustment drive source 14 composed of an electric motor
for the pinion shaft 7. In the case where the rotational speed
of the adjustment drive source 14 and the rotational speed of
the input portion 2 are the same, the sun gear 9 and the first
ring gear 10 rotate at the same speed. As a result, the four
elements, namely, the sun gear 9, the first ring gear 10, the
second ring gear 11, and the carrier 13, are put in a locked
state in which relative rotation is disabled, and the pinion
shaft 7 connected to the second ring gear 11 rotates at the
same speed as the input portion 2.

In the case where the rotational speed of the adjustment
drive source 14 is lower than the rotational speed of the input
portion 2, the number of rotations of the carrier 13 is
('NR1+Ns)/(j+1), where Ns denotes the number of rotations
of'the sun gear 9, NR1 denotes the number of rotations of the
first ring gear 10, and j denotes the gear ratio of the sun gear
9 and the first ring gear 10 ((the number of teeth of the first
ring gear 10)/(the number of teeth of the sun gear 9)).
Further, the number of rotations of the second ring gear 11
is {j(k+1)NR1+(k-j)Ns}/{k(j+1)}, where k denotes the gear
ratio of the sun gear 9 and the second ring gear 11 ((the
number of teeth of the second ring gear 11)/(the number of
teeth of the sun gear 9)x(the number of teeth of the large-
diameter section 12a of the stepped pinion 12)/(the number
of teeth of the small-diameter section 1256 of the stepped
pinion 12)).

In the case where the rotational speed of the input portion
2 connected to the cam shaft 51 and the rotational speed of
the pinion shaft 7 are the same, the rotary disc 6 rotates
integrally with the cam disc 5. In the case where the
rotational speed of the input portion 2 and the rotational
speed of the pinion shaft 7 are different, the rotary disc 6
rotates around the peripheral edges of the cam disc 5 about
the center point P2 of the cam disc 5.

As illustrated in FIG. 5, the rotary disc 6 is set to be
eccentric with respect to the cam disc 5 so that the distance
Ra and the distance Rb are the same. Hence, the center point
P3 of the rotary disc 6 can be positioned on the same axis as
the rotational center axis P1 to set the distance between the
rotational center axis P1 and the center point P3, i.e. the
amount of eccentricity R1, to 0.

A large-diameter annular section 154a of a connecting rod
15 is externally fitted to the peripheral edges of the rotary
disc 6 to be rotatable, via a connecting rod bearing 16 made
up of roller bearings. The connecting rod 15 has the large-
diameter annular section 154 having a large diameter at one
end, and a small-diameter annular section 156 smaller in
diameter than the large-diameter annular section 154 at the
other end. The connecting rod bearing 16 may be made up
of each pair of ball bearings arranged in the axial direction.
The output shaft 3 is provided with six swing links 18
corresponding to the connecting rods 15, each via a one-way
clutch 17 as a one-way rotation blocking mechanism.

The one-way clutch 17 as the one-way rotation blocking
mechanism is provided between each swing link 18 and the
output shaft 3, to lock the swing link 18 to the output shaft
3 when the swing link 18 starts to relatively rotate to one side
with respect to the output shaft 3 and let the swing link 18

10

15

20

25

30

35

40

45

50

55

60

65

8

idle with respect to the output shaft 3 when the swing link
18 starts to relatively rotate to the other side. The swing link
18 is swingable relative to the output shaft 3, when let to idle
with respect to the output shaft 3 by the one-way clutch 17.

The swing link 18 is annular, and has a swing end 18«
connected to the small-diameter annular section 155 of the
connecting rod 15 in its upper part. The swing end 18a has
a pair of protruding pieces 185 that protrude so as to
sandwich the small-diameter annular section 155 in the axial
direction. The pair of protruding pieces 186 have a through
hole 18¢ that matches the inside diameter of the small-
diameter annular section 156. A connecting pin 19 is inserted
into the through hole 18¢ and the small-diameter annular
section 155. The connecting rod 15 and the swing link 18 are
connected in this way.

FIGS. 7A to 7D illustrate the positional relationship
between the pinion shaft 7 and the rotary disc 6 when the
amount of eccentricity R1 of the rotational radius adjusting
mechanism 4 is changed. FIG. 7A illustrates the state in
which the amount of eccentricity R1 is set to “maximum”.
The pinion shaft 7 and the rotary disc 6 are positioned so that
the rotational center axis P1, the center point P2 of the cam
disc 5, and the center point P3 of the rotary disc 6 are
aligned. The transmission gear ratio i in this case is mini-
mum.

FIG. 7B illustrates the state in which the amount of
eccentricity R1 is set to “medium,” which is smaller than
that in FIG. 7A. FIG. 7C illustrates the state in which the
amount of eccentricity R1 is set to “small,” which is smaller
than that in FIG. 7B. The transmission gear ratio i in FIG. 7B
is “medium,” which is larger than the transmission gear ratio
i in FIG. 7A. The transmission gear ratio i in FIG. 7C is
“lame,” which is larger than the transmission gear ratio i in
FIG. 7B. FIG. 7D illustrates the state in which the amount
of eccentricity R1 is set to “0”, where the rotational center
axis P1 and the center point P3 of the rotary disc 6 are
concentric. The transmission gear ratio i in this case is
infinity (o). In the stepless transmission 1 in Embodiment 1,
the radius of the rotational motion on the input portion 2 side
can be adjusted by changing the amount of eccentricity R1
by the rotational radius adjusting mechanism 4.

The rotational radius adjusting mechanism 4, the connect-
ing rod 15, and the swing link 18 constitute a lever crank
mechanism 20 (a four-joint link mechanism) in Embodiment
1. The lever crank mechanism 20 converts the rotational
motion of the input portion 2 into the swing motion of the
swing link 18. The stepless transmission 1 in Embodiment
1 includes a total of six lever crank mechanisms 20. If the
input portion 2 is rotated and the pinion shaft 7 is rotated at
the same speed as the input portion 2 when the amount of
eccentricity R1 is not 0, each connecting rod 15 repeatedly
alternates between pushing the swing end 18a toward the
output shaft 3 and pulling the swing end 18a toward the
input portion 2 between the input portion 2 and the output
shaft 3 based on the amount of eccentricity R1 while shifting
the phase by 60 degrees, to swing the swing link 18.

The small-diameter annular section 155 of the connecting
rod 15 is connected to the swing link 18 provided around the
output shaft 3 via the one-way clutch 17. Hence, in the case
where the swing link 18 swings by being pushed or pulled
by the connecting rod 15, the output shaft 3 rotates only
when the swing link 18 rotates in one of the pushing
direction and the pulling direction, and the force of the
swing motion of the swing link 18 is not transmitted to the
output shaft 3 and the swing link 18 idles when the swing
link 18 rotates in the other one of the pushing direction and
the pulling direction. The rotational radius adjusting mecha-
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nisms 4 are disposed with the phase being shifted by every
60 degrees, so that the output shaft 3 is rotated in order by
the rotational radius adjusting mechanisms 4.

In the stepless transmission 1 in Embodiment 1, the cam
discs 5 of the rotational radius adjusting mechanisms 4
adjacent in the axial direction of the rotational center axis P1
are formed integrally with each other as the integral cam
portion 5¢ so as to extend across the adjacent rotational
radius adjusting mechanisms 4, and the cam disc 5 in each
rotational radius adjusting mechanism 4 is made up of a
plurality of members, that is, a cam disc pair composed of
a pair of cam discs 5.

Thus, the adjacent cam discs 5 between the adjacent
rotational radius adjusting mechanisms 4 are integrally
formed, while the cam disc 5 in each rotational radius
adjusting mechanism 4 is made up of two members and so
can be divided.

Accordingly, the connection between cam discs 5 can be
made in each rotational radius adjusting mechanism 4 where
the overlapping area between adjacent cam discs 5 is large,
while the connection between cam discs 5 need not be made
between adjacent rotational radius adjusting mechanisms 4
where the overlapping area between adjacent cam discs 5 is
small.

FIG. 10 illustrates changes in the overlapping area of the
cam discs 5 between the adjacent rotational radius adjusting
mechanisms 4. FIG. 10A illustrates the overlapping area in
the case where the adjacent cam discs 5 are different in phase
by 60°, by hatching. FIG. 10B illustrates the overlapping
area in the case where the adjacent cam discs 5 are different
in phase by 120°, by hatching. FIG. 10C illustrates the
overlapping area in the case where the adjacent cam discs 5
are different in phase by 180°, by hatching.

As is clear from FIG. 10, while the cam discs 5 can be
connected by three bolts B when the phase difference is 60°
in FIG. 10A, only one bolt B of the same size can be used
when the phase difference is 120° in FIG. 10B, and no bolt
B of the same size can be used when the phase difference is
180° in FIG. 10C.

In the stepless transmission 1 in Embodiment 1, the
decrease of the accuracy of the internal teeth 65 as in the
case where the rotary disc 6 is divided in the radial direction
is prevented. Moreover, in the stepless transmission 1 in
Embodiment 1, the cam discs 5 between the adjacent rota-
tional radius adjusting mechanisms 4 are formed integrally
with each other as the integral cam portion Sc. This enables
setting of the phase difference of 180° where the connection
by the bolt B is impossible as illustrated in FIG. 10C. The
degree of freedom of setting the adjacent cam discs 5 can
thus be improved.

In Embodiment 1, the phase intervals between the adja-
cent cam discs 5 as cam portions are set to 180°, 60°, 180°,
60°, and 180°, in order from the adjustment drive source 14
side as one side of the rotational center axis. However, the
phase intervals between the adjacent cam portions in the
present invention are not limited to such. For example, the
phase intervals between the adjacent cam portions may be
set to 120°, 120°, -60° (300°), 120°, and 120° from one side
of the rotational center axis, as in Embodiment 2 illustrated
in FIG. 11. The cam shaft in Embodiment 2 equally has the
advantageous effect in that the centrifugal forces generated
in the cam portions cancel each other out and the vibrations
associated with the rotation of the cam shaft are suppressed.

FIG. 12 is an exploded perspective view illustrating the
cam shaft 51 in Embodiment 2. FIG. 13 is an explanatory
diagram illustrating the cam shaft 51 in Embodiment 2 in a
side view. As illustrated in an enlarged view in FIG. 14, the
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cam shaft 51 in Embodiment 2 has a part where the phase
difference between the cam discs 5 of adjacent rotational
radius adjusting mechanisms 4 is 60°. In detail, this part is
the integral cam portion between the third cam disc pair C3
and the fourth cam disc pair C4, which corresponds to a
double-side internal thread cam portion in the present inven-
tion. This integral cam portion is hereafter defined as a
double-side internal thread cam portion 5d.

A first internal thread portion 71 is formed in the double-
side internal thread cam portion 5d from one side (engine
side) in the axial direction, and a second internal thread
portion 72 is formed in the double-side internal thread cam
portion 5d from the other side (adjustment drive source side)
in the axial direction.

The cam shaft 51 in Embodiment 2 has bolts screwed
from both ends thereof toward the double-side internal
thread cam portion 54, thus connecting the adjacent integral
cam portions 5¢ to each other.

In the case where the cam discs 5 of the adjacent rota-
tional radius adjusting mechanisms 4 have a large phase
difference and overlap in less than a predetermined area, the
area of the non-overlapping part is large and so the place-
ment space for the head of the bolt B is sufficient, as
illustrated in FIG. 15.

In the case where the cam discs 5 of the adjacent rota-
tional radius adjusting mechanisms 4 have a small phase
difference and overlap in not less than the predetermined
area, however, the area of the non-overlapping part is small
and so the placement space for the head of the bolt B is
insufficient, as illustrated in FIG. 16.

In the stepless transmission 1 in Embodiment 2, the
above-mentioned double-side internal thread cam portion 54
is provided. Even though the double-side internal thread
cam portion 54 has a small phase difference and has an
overlapping area not less than the predetermined area, the
connection can be made using the bolts B without taking the
placement space for the head of each bolt B into account. As
a result, the cam shaft 51 can be formed by appropriately
connecting the cam discs by the bolts B, without decreasing
the rigidity of the cam shaft 51.

FIG. 20 illustrates a structure with no integral cam portion
as in the conventional cam shaft 51, as a comparative
example. In the case of including no integral cam portion,
each cam disc 5 is a separate body and so the problem of the
placement space for the head of the bolt B does not arise, as
illustrated in the drawing.

Moreover, as in Embodiment 3 illustrated in FIGS. 17 to
19, an input portion 2' may be shaped as a hollow shaft one
end of which is open, where a larger through hole 5¢ than in
Embodiment 1 is formed in each discoid cam disc 5 so that
the input portion 2' can be inserted through, and each cam
disc 5 is splined to the outer peripheral surface of the input
portion 2' shaped as a hollow shaft.

In the stepless transmission 1 in Embodiment 3, the input
portion 2' having a hollow shaft has a cutout hole 24'
corresponding to the cutout hole 56 of the cam disc 5'. The
pinion shaft 7 inserted into the input portion 2' meshes with
the internal teeth 65 of the rotary disc 6 via the cutout hole
24' of the input portion 2' and the cutout hole 556 of the cam
disc 5.

In the stepless transmission 1 in Embodiments 1 to 3, the
overlapping area of the cam portions of the adjacent rota-
tional radius adjusting mechanisms when the phase differ-
ence is 60° as in FIG. 10A corresponds to “a predetermined
area set based on a strength during connected by a bolt” in
the present invention.
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Accordingly, though Embodiment 1 describes the case
where the cam discs 5 adjacent between the adjacent rota-
tional radius adjusting mechanisms are all integrally formed
as integral cam portions 5S¢, the stepless transmission
according to the present invention is not limited to this. For
example, the cam discs 5 adjacent between the second cam
disc pair C2 and the third cam disc pair C3 and the cam discs
5 adjacent between the fourth cam disc pair C4 and the fifth
cam disc pair C5 with the phase difference of 60° in the
stepless transmission in Embodiment 1 as illustrated in FIG.
9B may be connected by bolts as illustrated in FIG. 10A,
because the overlapping area of the cam discs is not less than
the predetermine area but greater than or equal to the
predetermined area in the case where the phase difference is
60°.

Note that the “predetermined area” in the present inven-
tion varies depending on the material, strength, size, etc. of
the cam portions, and is set beforehand by determining,
through experiment and the like, whether or not the strength
required for the cam shaft is attained.

Although the one-way clutch 17 is used as the one-way
rotation blocking mechanism in Embodiment 1, the one-way
rotation blocking mechanism in the present invention is not
limited to this. For example, the one-way rotation blocking
mechanism may be a two-way clutch capable of switching
the rotational direction of the swing link 18 with respect to
the output shaft 3 that allows torque transmission from the
swing link 18 to the output shaft 3.

DESCRIPTION OF REFERENCE NUMERALS

1 stepless transmission

2 input portion (Embodiment 1)

2' input portion (Embodiment 3)

24' cutout hole (Embodiment 3)

3 output shaft

4 rotational radius adjusting mechanism

5 cam disc (cam portion in Embodiment 1)

5' cam disc (cam portion in Embodiment 3)

5a through hole

5b cutout hole

5¢ integral cam portion

5d double-side internal thread cam portion (Embodiment
2)

6 rotary disc (rotary portion)

6a receiving hole (inner peripheral portion)

6b internal teeth

7 pinion shaft (pinion)

7a external teeth

8 differential mechanism (planetary gear mechanism)

9 sun gear

10 first ring gear

11 second ring gear

12 stepped pinion

124 large-diameter section

1256 small-diameter section

13 carrier

14 adjustment drive source (electric motor)

14a rotating shaft

15 connecting rod

154a large-diameter annular section

156 small-diameter annular section

16 connecting rod bearing

17 one-way clutch (one-way rotation blocking mecha-
nism)

18 swing link

184 swing end
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184 protruding piece

18¢ through hole

19 connecting pin

20 lever crank mechanism (four-joint link mechanism)

51 cam shaft

51a bearing

71 first internal thread portion

72 second internal thread portion

P1 rotational center axis

P2 center point of cam disc

P3 center point of rotary disc

Ra distance between P1 and P2

Rb distance between P2 and P3

R1 amount of eccentricity (distance between P1 and P3)

01 rotational angle of rotational radius adjusting mecha-

nism

02 swing range

#1 first rotational radius adjusting mechanism

#2 second rotational radius adjusting mechanism

#3 third rotational radius adjusting mechanism

#4 fourth rotational radius adjusting mechanism

#5 fifth rotational radius adjusting mechanism

#6 sixth rotational radius adjusting mechanism

C1 first cam disc pair

C2 second cam disc pair

C3 third cam disc pair

C4 fourth cam disc pair

C5 fifth cam disc pair

C6 sixth cam disc pair

The invention claimed is:

1. A stepless transmission comprising:

an input portion to which a drive force from a travel drive
source is transmitted;

an output shaft disposed in parallel with a rotational
center axis of the input portion;

a plurality of lever crank mechanisms that each include a
swing link pivotally supported by the output shaft to be
swingable, and convert rotational motion of the input
portion into swing motion of the swing link; and

a one-way rotation blocking mechanism that locks the
swing link to the output shaft when the swing link starts
to relatively rotate to one side with respect to the output
shaft, and lets the swing link idle with respect to the
output shaft when the swing link starts to relatively
rotate to the other side with respect to the output shaft,

wherein the lever crank mechanisms each include: an
adjustment drive source; a rotational radius adjusting
mechanism capable of adjusting a radius of the rota-
tional motion of the input portion using a drive force of
the adjustment drive source; and a connecting rod
connecting the rotational radius adjusting mechanism
and the swing link,

wherein the rotational radius adjusting mechanism
includes: a cam portion that rotates integrally with the
input portion in a state of being eccentric with respect
to the rotational center axis of the input portion; a rotary
portion made up of one member, the rotary portion
having a receiving hole for receiving the cam portion
and being rotatable in a state of being eccentric with
respect to the cam portion; internal teeth provided in
the receiving hole; and a pinion that meshes with the
internal teeth and to which the drive force of the
adjustment drive source is transmitted,

wherein the cam portion is formed by connecting a
plurality of members by a bolt,

wherein cam portions of rotational radius adjusting
mechanisms adjacent in an axial direction are formed



US 9,441,716 B2

13

integrally with each other as an integral cam portion so
as to extend across the adjacent rotational radius adjust-
ing mechanisms, and

wherein in the integral cam portion, an area in which the
cam portions of the adjacent rotational radius adjusting
mechanisms overlap each other is less than a predeter-
mined area set based on a strength during connection
by the bolt.

2. The stepless transmission according to claim 1, wherein
the integral cam portion has an internal thread portion and a
through hole in which an external thread portion of a bolt
screwed into the internal thread portion is inserted,

wherein adjacent integral cam portions are connected to
each other by the bolt screwed into the internal thread
portion, and

wherein at least one of a plurality of integral cam portions
is a double-side internal thread cam portion having the
internal thread portion into which the bolt is screwed
from one side in the axial direction and the internal
thread portion into which the bolt is screwed from the
other side in the axial direction.

3. The stepless transmission according to claim 2, wherein
in the double-side internal thread cam portion, an area in
which the cam portions of the adjacent rotational radius
adjusting mechanisms overlap each other is not less than a
predetermined area set based on a strength during connec-
tion by the bolt.
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4. The stepless transmission according to claim 3, wherein
the plurality of lever crank mechanisms are six lever crank
mechanisms, and

wherein phase intervals between cam portions of six

rotational radius adjusting mechanisms are set to 120°,
120°, -60°, 120°, and 120° from one side of the
rotational center axis of the input portion.

5. The stepless transmission according to claim 3, wherein
the plurality of lever crank mechanisms are six lever crank
mechanisms, and

wherein phase intervals between cam portions of six

rotational radius adjusting mechanisms are set to 180°,
60°, 180°, 60°, and 180° from one side of the rotational
center axis of the input portion.

6. The stepless transmission according to claim 1, wherein
the plurality of lever crank mechanisms are six lever crank
mechanisms, and

wherein phase intervals between cam portions of six

rotational radius adjusting mechanisms are set to 120°,
120°, -60°, 120°, and 120° from one side of the
rotational center axis of the input portion.

7. The stepless transmission according to claim 1, wherein
the plurality of lever crank mechanisms are six lever crank
mechanisms, and

wherein phase intervals between cam portions of six

rotational radius adjusting mechanisms are set to 180°,
60°, 180 °, 60°, and 180° from one side of the rotational
center axis of the input portion.
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